To assess the bispectral index (BIS) and recovery in calves anesthetized with xylazine, midazolam, ketamine and isoflurane and subjected to CRI of lidocaine.
Introduction
One of the main concerns of the anesthetist is the assessment of anesthetic depth. An inadequate plane of anesthesia in large animals may be associated with movements that may injure the animal, professionals that manipulate it or even the equipment around it. However, an excessive level of anesthesia increases the risk for complications such as cardiovascular depression and other adverse effects 1 .
Clinical assessment of the depth of anesthesia in animals requires the anesthetist to evaluate a variety of autonomic and motor reflexes, as well as changes in heart rate and arterial blood pressure. Although they are easily BIS derived from an algorithm which converts a single channel frontal EEG into an index of hypnosis that has been used 2 . The BIS is computed in real time, and algorithms generate a number between 0 and 100, in which 0 indicates an isoelectric EEG and 100 represents the normal, conscious state 3 .
The use of the BIS has been investigated in several animal species including goats, horses, pigs, cats, dogs and alpacas 1, [4] [5] [6] [7] [8] .
The results of these studies are inconsistent, and in some studies a strong relationship between BIS and anesthetic depth has been found, in contrast to other studies. However, there are no reports that assess BIS in cattle.
It is believed that providing adequate analgesia before, during and after anesthesia and surgery minimizes patient stress and maximizes patient well-being 9 . Lidocaine is the most commonly used local anesthetic in veterinary medicine. It has been given intravenously (IV) during surgery as a supplement for general anesthesia 10 . Several studies have evaluated its effect on the MAC of inhaled anesthetics 9,11-13 demonstrating a decrease in inhalation anesthetics requirements 14, 15 as well as intrinsic analgesic properties 16, 17 . The clinical changes induced by continuous rate infusion (CRI) of lidocaine have been reported in dogs, cats and horses [18] [19] [20] [21] . However, the direct influence of lidocaine on the BIS has only been evaluated in dogs 8 .
The purpose of the study was to evaluate the bispectral index in awake, sedated and anesthetized calves, as well as to determine the effects of continuous rate infusion of lidocaine at 100 µg kg -1 minute -1 on BIS and recovery of calves anesthetized with xylazine, midazolam, ketamine and maintained at a constant end tidal concentration (E´Iso) of isoflurane. The author's hypothetised that BIS would be consistent with degree of hypnosis of these animals and that CRI of lidocaine would not cause relevant changes on BIS and recovery from anesthesia.
Methods

Research approved by Institutional Animal Care and
Use committee (protocol number 006409). Eight male Holstein calves aged 10 ± 1 months and weighing 114 ± 11 kg were used in the study. All calves were considered healthy based on results of physical examination and complete blood count (CBC). Recovery was analyzed through Student's t test. Differences were considered significant when p<0.05. Analyses were performed using computer software (Graphpad InStat 3; Graphpad Software
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Inc., San Diego, C.A, USA). Other data exported from the BIS monitor and logged were the SQI, EMG, SR and unfiltered EEG waveforms, but these were not analysed and used only to confirm that SQI and SR were within acceptable limits.
Results
In this study, BIS recordings in both groups has been always associated with > 90% signal quality index, suppression ratio of 0 and low electromyography activity. There were no significant differences between treatments concerning the BIS (Table 1 ). In both treatments BIS decreased significantly at all times from TB, and in TX it was significantly greater than subsequent measures.
In both treatments, HR decreased significantly from baseline at all times ( Table 2 ). After administration of CRI of lidocaine, values were significantly lower at T40, T60 and T80
in L compared to C. There was no significant difference between treatments in regard to MAP. In both treatments MAP was lower in T0 compared to TB, and in treatment C MAP values were also lower at T0 compared to T40, T60 and T80. There was no difference among time points within each treatment and between treatments for PE´CO 2 and RT ( Table 2) .
SRE was significantly greater in treatment L compared to C. There was no significant difference in ST between treatments (Table 3) . TABLE 3 -Mean ± standard deviation of time to achieve sternal recumbency and standing position of eight calves anesthetized with xylazine, midazolam, ketamine and isoflurane and subjected to continuous rate infusion of lidocaine at 100 µg kg -1 minute -1 (treatment L) or 0.9% sodium chloride (treatment C).
Time
The plasma concentration of lidocaine ranged from 1.85 to 2.06 µg mL -1 during CRI of lidocaine, and decreased to 1.34 µg mL -1 in the ST, 0.23 µg mL -1 in the T1h and 0.07 µg mL -1 in the T2h.
Discussion
The use of a CRI of lidocaine at 100 µg kg -1 minute -1 was based on one previous study using lidocaine in ruminants 13 .
The BIS values observed when calves were awake, sedated and anaesthetized were compatible with the changes in degree of hypnosis of the animals, since BIS is inversely related to depth of anesthesia 24 .
BIS is usually found above 90 in unmedicated, awake Vesal et al. 10 have reported that CRI of lidocaine promoted reduction of anesthetic requirement of isoflurane in 17%. However this has not been demonstrated by the BIS in our study, since CRI of lidocaine promoted only a slight decrease in BIS (not significant).
According to Hans et al. 27 this could not be evidenced by the BIS because the effects of IV lidocaine are related to anti-nociceptive action for the same infusion rate in isoflurane-anesthetized horses 11, 31 .
According to Doherty et al. 13 the lower plasma concentration of lidocaine in goats may be due to a faster clearance.
The reason for the lower plasma concentration of lidocaine in this study could not be determined, as it would require the investigation of lidocaine kinetics in bovines.
Conclusions
Bispectral index was consistent with the degree of hypnosis of calves and infusion of lidocaine at the studied rate did not alter BIS values in unstimulated calves anesthetized with a constant E´Iso of 1.3%. Furthermore, CRI of lidocaine increased the time to sternal recumbency.
